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Table 1  Application of different analysis methods based on high — resolution mass spectrometry ( HRMS)
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PR, Pk RV I AR R Fir A B 7 v i [T AH
A R FL B HLIE R IR A v i R 5k 2l
A 700 P T R LA R I R 1) 22 R I SRR A, R K
J5ie = 1) 7 A e R A T A By 3 B0
DL E A A/ A HLB A C18 1 SDB — XC
FEAE, Horp HLB /N2 K B e I H A 225 5% B3 A 418 )
AT B Y AL b R 2 — 02T Moschet
SEBSDHLB /R R A bk, 18 P M A B — SR04
RN e T — AT B R] 0 3 3k 0 A 4 I
JEFREE el 2 Z— A4 = FIH Y 5000 ZFf H Ax
AR BEIL A, Tian 451 i A HLB AR 4 H
FEZE G o BER AR A T n] B IR E AR i A
R FAEE T RS (58 B AR TR N ) JfT i P A 85 v
A IS g, O PR T AR 25 A

A ) G A v, R R R M 1Y [ R 25 L (SPE)

bt AR AT e 2 R AR AT AR O, AR S i
AL 2PN, (GE i —Flh SPE ZEBUIG 1 £ Fl
TEA 4, PRI R AR R F) 5 i T A B A A B Ay
S L i A 118 A A, 3 A A A S L 1) G U AP 5 11 A
BT, Chau 2590 23 51l % T b A BUK B (C18
PS2 HLB . AC2 PLS -3) #4718 5%%,C18 DL+ /\ i Fk
TAAARRE AR BFF ), PS2 (HLB Al PLS - 3 EZ LUK
L — ORI AW B, T AC2 DA e Ry it
BEF0], {0 R 128 FhAe 24 K 190 FREH AL A WA T 5
ERAELE , A LSRR O - ZOIRFERRE
PN e A AR BB HR B T AR LA T2 AR
P (logP, fE R -2.2 ~8.53) (WA HALE . FidF
REITTETETR MK F-2H 0. 05 pe/L 1 554 T 4
190 FIEHIL A, T2 IR 87. 1% ,RSD Py
N 10. 8% . Gao %™ {fi f HA5 A [7] W K} 71
(HLB \MAX I MCX) [J°F-47 SPE >k Z B fn 2l fb. 2
KT BRI, kR T 25 Rk AR A4
PMNZG YA % T TR B AT AT AR BUSUR R
Ah, 4B A HLEZE(MOF ) P AT 15 i LA A K
(10 2 T B R — ol B B AR, B T A1) 32
fETE ) HUE, Bk MOF /K fa e M 2s, 1
LER 5 TAEVR R Y15 . [ MOF wh 25 44 Bl A 17
TEBR T MOF 1 R 30 76 7K S5 A6 0 Hh f 17 FH7 f
LA o 1) A 1l ot 5 0 — 2B etk

4 EHrEAR
4.1 It - SR B

SURETE - BRI HAE F TR M 4
J AL IR B IR ST, WERAT SO 35 A9 8 0 B AL
AE, SO T Bl v 28 € L S A A O L, AR
2% B 1) 0 AT A LR I B, SRR 3 -
FRIETIE (GC = MS) R A 73BT £ i KR | 3 SE
ZRPILOR IAR 2 B B A [ A A 2 5 B ARG T 4
SR -3 2 ST B ey T R
IE PR HIK 67 Fhefe 245k B 1 [ AR AR B — A
I RO E . BREGHOR 3B AR 255,
BITREMENERE D 0. 05 ~ Spg/L, KZHARZGHIKL
HER/NF 0. 2pg/L, iR 4y 81.0% ~125.0%
(n=3),RSDFEHEH M 1.5% ~21.4% (n=6) ., %
DR R R B R A TR O ELER R, 3 T AR TR U K
SRR 2% B8 1 IR D 43 BT . Cacho 257 fif
JEL B 1 o3 B IR 45 U 3 - Bisise
£ (GC - MS) JE T AFRIBERIFRTKFE 9 Fif
PUBEAC 2y o %07 T T PR R S a8 VR R T LA
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ARG Al T R ORAE S AR5 BRI 250, T
B TTIE BN R AP IRE % RSD i AE 4. 1%
~9.7% Z[8], a1 #k 97 % ~113% ,

SRS BRI G (GC - MS/MS) 7ES(#H
g IR — i (GC - MS) (Ll 3G T 55
TR T A L B SR T4 M A A E R RE
GC - MS/MS 385 GC — MS vk HA i i HT T- 9 hg
77, Re A RCHEBR B I T4, B s e vt L o R U
o A SRR SO A, TEAR 24 22 55 B R 1) 3 A P ok
PR F T R A EAMAE R - M
gk R R i (SPE - GC — MS/MS) X #h 3% 7K
H 18 Fi AT AL 5% B8 W 2E 47 4 AT 5, 45 4 Bond
ElutC18 1 Oasis HLB 4 [ AH A BUH: , B 20 & 4 H
Hi 16 FpA HLEE A 25 (OPPs) . 45 R W, 16 F
OPPs ([ g % )y 46. 1% ~ 117.2% ,RSD Jy 1. 1%
~15.8% , 7K HIBR 7 0. 09 ~ 0. 82ng/L, 1% 75 1=
T FE b 2 K K ARG T 5K o
4.2 Mg - FOEIROTNEAR

WORE 83 — TS I F B AR A L T AR A -
i FH AR B S BB T3z, B O B iE TR
PRI ARE AG AT E RS LR TR
LS8, JLT-RER I A ffe & . ARG
- B B AR A 43 By LC - MS FIZ 41
LC - MS/MS, #%fF LC - MS,LC - MS/MS A 1]
PR Z MR E R R ALTE 2 AE(E R 2
PR TR AL 1 o o o BT BRI T AT RE
R, WA 3 — B I B R %) iz v FH T 52
Febp b L T AR 25 22 R BRI, A B R SRR Y
ST T RZ — . A7 RmR AT SR R 5 A A 3
— BT % %5 (UPLC — MS/MS ) il 7 1b 3% 7K v 21
Fh a2 H R IR A LB A 2, 7E Smin P SEIH 21 F
RBP4 BRI, %o 25 KRR 3 A4 I vk B /K
SRR DSOS, 5 YR e 455 1 RSD {H40. 3%
~9.5% , [ Ky 82.0% ~113.0%

Hernandez 257" 375 2k [ #1 % B (SPE) 5
FHEE (LC) FAME S5 (EST) BRI BT3E (MS - MS) AHZE
B BT IS T KR 2K Hh 29 R dURI A 6 Fh
R, A S TE 0. Smg/L A1 0. Img/L ¥k BETH
AJYERfE . WO - BRI R BT E A
R £t 51 75 Y W 5 A8 by b 5 Ak 7= 0y 1 A 9] 0 AG:
‘Z)I]U”N o Richardson'”’ TEXT P45 o 135 1) 25 34 vt 45
R X AR A, B A GRS R K A 7 ) AE 2R
B o el Be LU BHA R AR B T . (B
— IR B AR AT — 7 0 R B, X DA o

fEr= A R S5
4.3 5 W P i A e o B AR

IR 2GRS B L Mt 22 A0 K, HRL Y 4y
iy GC - MS GG — MS/MS .\ LC — MS/MS %,
HA—E MR B, 75 Zl o e B e
KA A B R EfA R AL &9, BXELL 7 AEE B
W SR F T B, F RS2 %5
HEVI TG IR, 22008 TS AE R R AL A . Bk BT
DA S, (2 28 7 IR I i R R
TR, PR 22 e LLE & M, A AN B R SR AR
DA oK o TR, DR | e 0 B2 1Y) 8 4 R T i
(HRMS) JEfE 1) o0 AT F B pi iz i £ . HRMS HAT &
Ay R A I R A AR T Y v R A
FEAEL R B i 5 LC 88 5 GC B, &
SR T BE AT AT A A 0 3k 2 v 43 A 4 e 1 PR
il , DT 35 2 [ B A 2 R 24558 BRI H Y. BeAh,
BB A AR B AR 5T 5 AR IR ER A )
. UL, 8 Z T 3 KA 255k
BB A A ARIA Y T SO — DUBRE AT IR
] 5T 3 v (GC - Q — TOF/MS) W AH (3% — DU AT
RATI ) B3 % (LC — Q — TOF/MS) | e A5 MU AH
s — DU/ FB A BLIE B & 43 B % (UPLC -
Q — orbitrap/MS) DL K i AH €0 1% — = DUMR AT/ £ 1
BT PRBUE ¥ (LC - Q — TRAP/MS) 45 /5 73 B 38 it
T (HRMS) 23 BT R, € 1k 30 47 R A 488 1) i 5 43
BT & R

DU AT RAT I ] BT 3 ( Q — TOF/MS) HA i
T FE Y I3 HEA i o b R AR A, Q - TOF/MS
A e S SR 4 T 0T 5 = sSORME i e A4
A, —UKAE 1T BV AT o 0 A AT A T A R
(R 43 BT 400, TGt 19056 ] S S T I ) b e A I 5
It HICTT AT R 4 J5 B 2o 08 i 4 B 0T, 35
A DL E R AR AT R AU, i, GC - Q -
TOF/MS } LC — Q — TOF/MS 7 7K 1 3 #0177 4 25 5%
BA 3T AU B S8 A . Campos — Maias
ZEPTFIR LC - Q — TOF/MS Kl AR, 45 & [ AR 4
WA AR B 5 2% , %Al 8 i 8 7K v ) A ST A 2 e
FTRERYELAL P W HEAT R . B iR 22/ T Sppm
FZ DS A FHE 85, A BA A % i
AN, 5 B Ok B ] (RT) B0 B A L, ff B
FE] ) + 2min {9 22 5 X% F PH ME 2% AR A 5
B Wang 25 (i F GC - Q — TOF/MS 454 K
RUBE 1 PCDL J2 NIST14 418 430 B T 1% K Ab 3 ik
FEH (AR5 e ), ZEAD B R v 5 1 117 Ak
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B, AT BURARI M Z 37 k55 X e &
Yyl fEsE i 15 7K AR B R K AL B TTRS ZK B AN
et LB o

L S BLIE B =5 20 B IR ( Orbitrap/MS ) Ji i
TRE BT 1as SR, a1 B TR BT L, B
AT B R 550 OO I g SR R R
U AT RN TAHESE I . AT, TR R HUE B
7T 3 BB PR AT 45 DU AT A e e 5 i 9
o VR L B B A I B AR ARG 5, 3R 6 T M Bl
(1A MS/MS K dls, 3 ik 5 U 43 A m] X80 Er
AR AL AT R R
Q - TOF/MSHHLE , Pk 1 DF i S BB BiF 5 0 7
Jiti (LTQ — Orbitrap/MS) P HLHAE T B =i 1) 73 B fiE
I, A A 1 i e R . 2R [ Tt
IS 432 BT AR 5007 . Cotton 25171 JF
e b TR N E R RER AL R O R VW R L
FE A AL T A6 R 2 OBAH 13 - i A
B =1 2 PERTRE ( UHPLC — Orbitrap/MS) 2k 454, 18
I ARAAELR AR A G RTOE S8, 45 H AR oY
A 8 re o B AR ARAGEIN R o 327732k AT LA ] B %o
539 AL (AR 25 TN 25 1) AT e i oA, KB
T E R LA 10 XYL 1 20 A B SR KA b
A 34 B A TR AL S W A7 AR R WO B RT
0. Tmg/L, A 45 B2 X R /K B BRAE 220K L AT,
Cotton ZFIbPPHY T IZT5 A M E S I BRI (R PEA
B OO A LASE B TR B

I & R NIR RS

FUERE AL, AL 1 G A5 ] 23 DA SCRIBR SCPE
J SCHRAAE A ) G A 32 R 4 AR A 4~ T i (AR
W R R A AR A AL ) B A TS Qe R iR
IR il o A 2 B0 1) 22 55 T B SC PR A L8 1)
A T B S R R A TS e . BT L,
e SCHRYA{IE L8 1 G - AR 1) ST PR PR B T 2030 12 P K
7N L A Al 57 £ 5 I D7 95 A 2 i 4
T T RRSEI SR ARRL ) i £

B o AR BT R R R LA« DFRIBUBTE
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G S PR B A D 2 5 IR 1 i e 2 LD T A
TR B IR IR] 22568 ) 97 A5 A T s DR TR B I A0 e 5
AR 5 et HTHA i 4 A E 5 PR RE R o
5.1 GRALHHIEADGCHT S

ARV B S F) A i LA AN ] 19 1 %

PR, X R BRI T EENE, HAT, B N AME 4121
0 A A T o A R0 0 7 A A I ) S e A ELE
o4 FE AT AR R 5 8 i 4R AR TS 2 UE B
FEAESNAEAE S HT I I A X B o o

XA 2 A 118 ot R ek o A 2 5% B 43T Y
S AT 0T 45 RN % 98 IE R 3 45 B ) ( SANTE/
11813/2017) , M HE A [A] ot 3 9 Afr B AR 4 th A [l A9 1R
FIER : OPUMLFF | 2 F B TOF 85— ik £ AR 1
/b BB RO 3, I = AR FE L B F BE
Q - TOF ,Q — Orbitrap 55 — 25 Ji7 1% 45 AR A8 YU %
HESREDEH 2 NS L. QR PR
FHARU(Q = )TOF . (Q - ) Orbitrap FT — ICR — MS %
FOREDER 2 AT B RS <Sppm, IL4b,
A B H AR Y ZRAE M (S/N) =3, HTEHR LY
BT AN R 1 o BT W A A Y 4 TR
B L FDACTE S5 B & 5 RS 25 B LR I S =l
FHRS B o 2 5000 1 DA Ak 22 55 B8 0 1) 6 RO o ) S A
s B AR bR, TR R T3 2 340, R
PR 7 2 bR 2002/657/EC, BT 1% 77 15 28 1 1
UERAAGRE] 4 A8 A M 2 e MR,
Z 75 BB BRSSOk, X B4R SR e
Bz N R R KoK b AR R AR A
ﬁ%[l,SX—SQ] .

2 R HIMEEIR R S Wb
Table 2 Acceptance criteria for confirmation of identification of

chemical residues using exact mass data

MS st MS $i MS/MS ¥ MS il MS/MS $i
SR pugr e Bk
(L34 S/N=3 S/N=3 S/N=3
‘ <0.2min, 5§ 2. 5% LA (R 0. 5min) ,
R B s [ ) s et o .
SRTE A R VI B N (A 0. Smin)
HAEEH
o 2 2 2
BB TR
MS<5ppm;
iNiis <S5ppm <10ppm <-ppm;

MS/MS<10ppm

5.2 waPHE B

15 0 IO T A PR S AR R 1] 23 B B R A B A
Kol e A & Wy Sr n L BUIARVE , LA 7 U
BRAEIRCACR 225 s o ) o ) B 1) A 5 1, 2 3
T AL R P v O A ) R ) A R R . W
e e B B i Bl B % A Chembook
ChemSpider ,PubChem ,DAIOS database #{l NIST 4% &
MKt 2 LK BRI Kl P

AR ) 5 A ) B IE T L A2 PR T P R R
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DataAnalysis 5. 1, 3 TR¢5E 100 1 2850 (B i HERf 2
/NT 2mDa, £ B ] [E] i #% £ 0. 2min, [5] 4 28 3% 40
B /N 100mSigma ) , 75 KRR iy o A8 A H
44 FAR 25 B G HEAL ), Feng %12 ) i (]
GC — MS/MS #1 UHPLC - Q - Orbitrap/MS &l 4%
AR, ARG T il A B T 2 R R 25k
B o A RIS PN BB RO PR R B Bl Rk 47 B AR
(TraceFinderv4. 1) , {if FH 1F £ 9 Ffr el 9 485 =X 310 A
ity 800 b A1 140 Fh A4k 5 ¥, 4k T Compound
Discoverer 3% 4 #1 2 ™ 7F 28 20 & J&E ( ChemSpider .
Massbank F1 mzCloud 25 ) & B | Ui & 3 9 20 % € 1
KRR 2 e HAR A 7™ i
5.3 HoAthdii A 6 E Ty %

bR T Bk m Ao, A E R T oA
YT RE S . 25 A0 25 3l 3 S OC K [F A K o
A YL, IFFI ] XCalibur o, 315 146421
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RAPATREM AL = s YA E RE KL S
I, [l R UN TR0 E A 2 it 2 bR &2
SCE M"Y . Marina 250 (i i F 1 64 G B3 B
(] SR A Y 5 52 BRAEAH B, 3 3o P B B[R] + 2min (Y
BRZE O Ve AR R, HLZ AR SE R 7R Se g = v
R R T 3 B R A, A S5 A B
(R O T S AN RS W e B S AL B
REBS SR LRI ERR A1 = R B2 4 , 1 Bh M e R
9. Feng 25152 DR A B0 142 o (o B EF 1) B 1
15 BN TT A FH AR B AR I A 5 5 0 8 1 20 H ik
S FEIT I 1 R AL K AR AT BE LS R . SRSl
FAPIASTHSRNL N R BT 2R Ge vt S 25 B i A% 15
ST R, Horh R Bmii R G 5
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A5 MZmine . XCMS . EnviMass 1 Agilent MassHunter
G, TEFSEEBLT , AT LA SE 23 B bR o i % BE PR 25
R TRA I

6 gLk

IR I P A 2 AR R 1 G A T ST AR AL TR B B
Tl 2 — ARSI AN SCE I PRI T AR K B
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D7 AR W AR Sy WA T A, i R T
TR IR : QAR 11 e 24 57 2 7K 50 43 B B o i
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243, — P AL FRE AR B — 1 A2 OB RHR e S 30
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7 18] REIE 32 5 43 B A DA AR LA SRS
TEAR B CUn e A 8 TR 2R Ee o) /R0 45 ) kA7
I, B AREL I TEM AR

25 FRTIR e 4 T S AR R ) AR 24 0 A A
F L H AEZARTE VAR 7 1838 75 B — 2 T R A
5 : O 43 BTG 53 BT AR i Ak 34 fb ) B
P PR, FE KRR A P R v 2 R 2 R R B
ST Y R R (1R 43 B3 Al 48 ) Ak 24 4 4y
7 A B9 5 E B R 0 4088 L T T A PR 4R
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7 2 B TAE )R DA o, 224 I ) A 2R 490 0 2 0 I 22
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HIGHLIGHTS

(1) The targeted screening method based on solid phase extraction — high performance liquid chromatography
tandem mass spectrometry is widely used in the field of environmental pesticide detection.

(2) Non - targeted screening of pesticides is still in the development stage in the environmental field, and high —
resolution mass spectrometry and mass spectrometry databases provide support for non — targeted screening
technologies.

(3) The combination of multiple preparation technologies and efficient and automated data processing technologies
is the development trend of non — targeted screening methods for pesticides in environmental water samples in

the future.

@ In the development stage in the environmental field

|E| '=' High-resolution mass spectrometry and databases provide support

Unknown
Pollutant

I Lack of automated data processing
and verification standard
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ABSTRACT

BACKGROUND: With the advancement of agricultural intensification and urbanization, pesticide residues in a
large numbers of water environments in the world have exceeded the prescribed limit. The issue of pesticide
pollution in the water environment has received extensive attention from all sectors of society. As the largest
pesticide producer and user country in the world, the amount of pesticide residues in the water environment in
China is much higher than other developed countries. Available studies have detected 19 pesticides in seven typical
river basins in China (the Yangtze River, Taihu Lake, Yellow River, Songhua River, Heilongjiang, Grand Canal
and Dongjiang ), with an average concentration ranging from 0. 02 to 332. 75ng/L. Pesticides and their
transformation products pose potential threats to the ecological environment and human health. Research on
pesticide residues in the water environment is an indispensable part of water quality assessment. However, targeted
screening is difficult to detect unknown pesticides and their transformation products. Therefore, the non - targeted
screening of pesticide residues and their transformation products in the environment needs to be improved.
OBJECTIVES: To understand the pesticide pollution analysis techniques for environmental water samples.
METHODS ; According to the analysis process of non — targeted screening of pesticide components, the targeted
and non — targeted screening methods for pesticide residues in water quality samples in the past 5 years were
reviewed, and the regulations and standards for pesticide residue limits and non — targeted screening of pesticides in
water quality were summarized. The research progress of pesticide residue analysis methods in water environment in
recent years was summarized.

RESULTS; The characteristics of liquid — liquid extraction ( LLE) , solid — phase extraction (SPE) , solid — phase
microextraction (SPME) and other pre — treatment methods were reviewed. Among them, solid — phase extraction
was the main pre — treatment method for non — targeted pesticide screening and had good applications prospects.
The development trend of analytical instruments from chromatography to chromatography mass spectrometry was
discussed, and the production of a variety of high — resolution mass spectrometry provided multi — level analysis
requirements for non — targeted pesticide screening. Finally, the guidelines, mass spectrometry database and
various identification methods related to pesticide screening confirmation in recent years were summarized, and the
development trend of pesticide pollution analysis technology in the water environment was prospected.
CONCLUSIONS: High resolution mass spectrometry technology poses a challenge to the sample pretreatment and
purification process. The combination of multiple technologies in the water sample pretreatment process is the future
development trend. Research on non — targeted pesticide screening based on high — resolution mass spectrometry is
widely studied in the field of food testing although it has low priority in the environmental field. Relevant
organizations at home and abroad have not yet issued relevant standards for screening and confirmation of unknown
substances. Currently, the confirmation of unknown screening requires manual data analysis, which cannot be fully

automated.

KEY WORDS: high resolution mass spectrometry; non — targeted screening; pesticide; database



